which 31,600 (12,789 ha) were fresh market, and 13,520 (5,472 ha) were for processing (USDA, 2003) . During the past 10 years, acreage of fresh spinach increased approximately 1.5 times while that of processing spinach has remained steady (USDA, 1995 (USDA, , 2003 . California produced the majority of the fresh market spinach (USDA, 1995 (USDA, , 2003 . Other states, including Oklahoma, are examining potential new markets for spinach. The majority of spinach in Oklahoma has been for fall and over-winter production in the canning and freezing industry, with a smaller amount committed to fresh market. Currently, spinach acreage in Oklahoma is approximately 3000 acres (1214 ha).
Increased spinach production and consumption during the past decade can be attributed to spinach salad products and growing public awareness of the health benefi ts of spinach (Silva, 2002) . Spinach provides dietary fi ber and supplies high levels of both vitamins and minerals (Leskovar et al., 2000) . Goldman (2003) described foods as "functional" when they have health benefi ts in addition to fulfi lling the nutritional requirements of humans. One health benefi t of several vegetables, including spinach, is increased antioxidant intake in diets (McCord and McVeigh, 2000) .
Numerous aspects of spinach production have been evaluated in cultivar trials, including emergence, yield, growth habit, color intensity, bolting, and pest resistance (Dainello, 1989; Dainello et al., 1987; De Rooster and Spiessens, 1998; Djurovka et al., 1988; Gorini and Testoni, 1990; Sneep, 1982) . Crop emergence is an important aspect of production. Dainello (1989) noted that several fi eld conditions can infl uence the emergence of vegetable crops. Poor emergence can increase the time from planting to harvest and reduce yield. Yield has been included in a majority of studies and is considered to be a key component of cultivar selection (Dainello et al., 1984 (Dainello et al., , 1987 Djurovka et al., 1988) . Williams and Roberts (2002) reported that "marketable yield" was the most important factor to producers surveyed to determine the importance of 13 different factors in watermelon (Citrullus lanatus) cultivar evaluations. High yield potential of a spinach cultivar is a requirement for crop profi tability.
Spinach color intensity has been an important aspect of testing for several investigators (Dainello et al., 1984; Gorini and Testoni, 1990; Tonini et al., 1987) . Dark green color is considered an important attribute that consumers utilize when selecting either fresh or frozen spinach (Gorini and Testoni, 1990) . Murphy and Morelock (1999) noted that dark green vegetables have high levels of carotenoids. They also reported a strong correlation between the concentration of lutein and chlorophyll-a (Murphy and Morelock, 2000) , which indicates the potential for visually selecting higher levels of lutein.
Flowering and seed stalk formation (bolting) in spinach renders the crop unmarketable (Knott, 1939) . Spinach breeders have been selecting for bolting resistance (longstanding) since the 19th century, and this continues today (Sneep, 1982) . Day length controls fl owering and subsequent seed stalk formation (Chun et al., 2001) . Chun et al. (2001) found that the percentage of fl owering spinach plants increased from 0% at 10-h day lengths to 85% and higher when plants received 16-h day lengths.
The objective of this 2-year study was to determine the suitability of spinach cultivars for spring production in Oklahoma. Production attributes included in the studies were leaf yield, seedling emergence and vigor, leaf color intensity, and bolting resistance. Cultivar responses to environmental conditions, particularly the increasing day lengths of spring, were an important aspect of the study.
Materials and methods
Spinach cultivars were evaluated during the spring production seasons of 2001 and 2002 at the Vegetable Research Station in Bixby, Okla., and in producers' fi elds in Caddo and Custer counties in west-central Oklahoma during 2001. Test sites were selected on the basis of representing the two major spinach production areas within the state. Nine spinach cultivars from three seed companies were included in the tests at each site in 2001, and all except 'F-380' were included in the 2002 test. Leaf types of the different cultivars ranged from smooth to savoy (crinkled), representing the major types of spinach produced in the region.
SOILS AND CROP CULTURAL PRAC-TICES. Soils and crop cultural practices were similar at each site (Table 1) . VIGOR. Seedling vigor ratings based upon rate of growth were taken between 34-43 DAS. Plants in each plot were rated on a 1 (low level of vigor) to 5 (high level of vigor) rating scale with 1.5 considered to be the minimum acceptable level of vigor.
VARIETY TRIALS

COLOR.
Color ratings were recorded twice for each test. The fi rst ratings were made between 42-60 DAS and the second ratings 62-69 DAS. Plants were rated on a 1 (lowest level of green color intensity) to 5 (highest level of green color intensity) scale (Dainello et al., 1984) .
BOLTING. Plants were rated visually for the percentage of bolting just prior to harvest. This was accomplished between 62-69 DAS.
YIELD. Plots were harvested between May 11 and 22 (14 to 14.25-h day lengths) during the 2-year study through the use of manual hedge shears with 9-inch (22.9 cm) scissortype blades. Spinach was cut about 1.5 inches (3.81 cm) above the soil surface for a total length of 4 ft (1.2 m) from the middle of each plot. Harvested spinach was weighed in the fi eld immediately after cutting using an electronic balance (Model DT 60J 100 lb; Mettler Toledo, Worthington, Ohio). Yields were calculated and reported in tons per acre based upon plot yields.
Results and discussion
Stand establishment is essential in the successful production of a crop. 'Bolero' and 'Samish' had signifi cantly more plants emerge than fi ve of the other cultivars tested, but did not differ in emergence compared to 'Padre' and 'F-91-415', (Table 2) . Percent emergence was 76 and 75%, for 'Bolero' and 'Samish' and 68 and 65% for 'Padre' and F-91-415', respectively. Differences in percent emergence did not appear to affect yield at harvest and this agrees with Dainello's (1984) observations that spinach can compensate for differences in plant populations under rapid growth conditions. Therefore, it appears in these trials that all cultivars had acceptable plant populations.
Vigor ratings ranged from 1.8 for 'Catalina' to 3.8 for 'Bolero' (Table  2) . 'Bolero' was signifi cantly more vigorous than all other cultivars tested. Three cultivars including 'Samish,' 'F-380,' and 'F-91-415 ' had the next highest vigor ratings. Vigor in these trials appeared to be an early indication of yield potential. The four highest yielding cultivars included the four cultivars with the highest vigor ratings. Although leaf yields did not vary signifi cantly among entries they ranged from 14.9 tons/acre (33.40 t·ha -1 ) to 11.9 tons/acre (26.68 t·ha -1 ) ( Table  2) . 'F-380,' 'Samish,' 'F91-415,' and 'Bolero' had the four highest yields which were 14.9, 14.7, 14.6, and 14.5 tons/acre (33.40, 32.95, 32.73, and 32.50 t·ha -1 ), respectively. Leaf color ratings varied signifi cantly among the cultivars tested (Table 2) . 'Catalina' had signifi cantly higher color than all other entries in the trials. It had a rating of 4.0 and 'Olympia,' 'Padre,' and 'Cypress' had ratings that were 3.4 or higher which was signifi cantly higher than a majority of other cultivars in the trials. Although Table 1 . Yield and quality of spinach cultivars for spring production in Oklahoma: site location, planting date, between row  spacing, seeding rate, soil classifi cation, fertilizer applied, and irrigation Vigor rated on a 1 (low amount of vigor) to 5 (high amount of vigor) rating scale.
x Color rated on a 1 (lowest level of green color intensity) to 5 (highest level of green color intensity) scale. w 1.0 ton/acre = 2.24 t·ha -1 .
v Numbers in a column followed by the same letter exhibited no signifi cant differences based on Duncan's multiple range test where P = 0.05.
previous trials (Dainello et al.,1984; Gorini and Testoni, 1990) were rated for color, recent work by Morelock (1999, 2000) indicate that high levels of green color intensity may be linked to higher levels of lutein. This may very well make leaf color ratings an important aspect of spinach cultivar testing in the future, particularly as consumers become more conscious of the nutritional value of their food. Cultivars with signifi cantly higher levels of resistance to bolting included 'Baker,' 'Bolero,' 'Catalina,' 'Olympia,' and 'Padre' which had 1% or less bolting at harvest (Table 2) . Cultivar bolting resistance is a major consideration for commercial producers of spring spinach. Spinach fi elds that have only 10% bolting plants are unacceptable and would not be harvested.
'Catalina,' 'Olympia,' 'Padre,' 'Baker,' and 'Bolero' are the fi ve cultivars tested that can be recommended for use as March-planted spinach for commercial production in Oklahoma and the southern plains. These cultivars had signifi cantly higher levels of resistance to bolting which is the key factor that must be considered when selecting cultivars for spring production. However, there were differences among these cultivars in color. Color ratings indicate that 'Catalina,' 'Olympia,' and 'Padre' had darker green color which may indicate a higher level of lutein content. If color is not a consideration for producers, then 'Baker' and 'Bolero' could also be added to a list of potential cultivars.
